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Abstract: STATEMENT OF PROBLEM The prognosis of a fixed dental prosthesis cemented to en-
dodontically treated teeth is primarily determined by the presence of a ferrule on the tooth. Adhesion of
the post in the root canal, conditioning methods for the canal and the amount of coronal structure could
also be decisive on survival of reconstructions cemented on endodontically treated teeth. PURPOSE The
purpose of this in vitro study was to test the effect of remaining coronal structure on the retention of
airborne-particle abraded fiber-reinforced composite resin posts built up with composite resin cores after
the treatment of root canal dentin with different conditioning protocols. MATERIAL AND METHODS
One hundred and fifty extracted human teeth with single root canal space were endodontically treated
and divided into 3 groups as follows: group CEJ: the teeth were sectioned at the level of cementoe-
namel junction (CEJ); group CEJ1: the teeth were sectioned 1 mm above the CEJ; group CEJ2: the
teeth were sectioned 2 mm above the CEJ. Each group was further divided into 5 subgroups (n=10 per
group) according to the root canal treatments as follows: group C: no conditioning (control); group PH:
conditioning with 37% phosphoric acid gel for 15 seconds; group E: conditioning with 17% ethylenedi-
aminetetraacetic acid (EDTA) for 60 seconds; group CHX: conditioning with 2% chlorhexidine (CHX)
for 60 seconds; group Q: conditioning with combination of 2% CHX with 17% EDTA and a surfactant
solution for 60 seconds. Glass fiber-reinforced composite resin posts were airborne-particle abraded and
luted to the root canal dentin with a self-adhesive resin cement (RelyX Unicem). The retentive force
was tested by applying a tensile load parallel to the long axis of these posts at a crosshead speed of 2
mm/min. Two-way ANOVA and the Tukey HSD post hoc test were used to analyze the data. RESULTS
The highest retention (N) was obtained with the CHX-EDTA conditioned group (374.7 ±29.8) followed
by 17% EDTA (367.9 ±33.3) conditioning when 2 mm remaining coronal structure was available. Con-
ditioning with the CHX-EDTA showed comparable retention values to 17% EDTA conditioned groups
when 0 or 1 mm coronal structure was present that differed significantly compared to 37% PH and 2%
CHX conditioning (P<.05). CONCLUSIONS Conditioning root canal either with CHX-EDTA or 17%
EDTA delivered superior retention values for fiber-reinforced composite resin posts with composite resin
cores that were luted with self-adhesive resin cement to endodontically treated teeth with 2 mm remaining
coronal structure.
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ABSTRACT 
Purpose. The purpose of this study was to test the effect of remaining coronal structure on the 
retention of abraded fiber-reinforced composite resin posts with composite resin cores that are 
luted with 3 different bonding systems after treatment of root canal dentin with different 
conditioning methods.  
Material and Methods. Teeth with single roots that were endodontically treated recruited in 
this study and divided into 3 groups as follow: Group 1 , the teeth were sectioned at  the  level 
CEJ, Group 2, the teeth were sectioned 1 mm above the CEJ, Group 2, the teeth were sectioned 
2 mm above the CEJ. Each group was divided into 5 subgroups (n=20 each)  according to root 
canal treatments as follow: Group C, received no treatment (Control); Group P, treated with 
37% phosphoric acid gel for 15 sec; Group E, treated with 17% EDTA for 60 sec; Group CH, 
treated with 2% Ch for 60 sec; Group Q, treated with QMiX for 60 sec. Each treatment group 
was further classified into 2 subgroups (n=10 each) according to the luting cement type used. 
Glass fiber-reinforced composite resin posts were abraded and luted to the root canal dentin 
using either Rely X Unicem  self-adhesive or Panavia F2 self-etch resin cement. The retentive 
force was tested by applying tensile load parallel to the long axis of these posts at a crosshead 
speed of 1 mm/min. Three-way ANOVA was employed to analyse the data. 
Results. The highest retentive strength values measured with the QMiX -treated group with 2 
mm remaining coronal structure luted with   Rely X Unicem  self-adhesive and Panavia F2 self-
etch resin cement , N and  N, respectively. Treatments with QMiX and 17% EDTA showed 
comparable retentive values that differed significantly (P ≤.05) compared to 37% phosphoric 
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acid. Self-etch resin cement significantly increased the retentive values of fiber-reinforced 
composite resin posts as compared to self-adhesive cement.  
Conclusions. QMiX and 17% EDTA treatments produce superior retentive values of fiber-
reinforced composite resin posts with composite resin  cores  that are luted with self-etch resin 
cement to endodontically treated teeth with 2 mm remaining coronal structure . 
 
Key words: Retention, Root Canal Dentin Conditioning, EDTA, Lactic Acid, Phosphoric Acid. 
 
CLINICAL IMPLICATIONS: Conditioning root canal dentin with either QMiX or  17% 
EDTA  before cementation with resin cement may enhance post/dentin retention. Bonding of 
fiber-reinforced composite resin posts  and cores to endodontically treated teeth with 2 mm 
remaining coronal structure using self-etch resin cement produced high retentive strength 
compared to self-adhesive resin cement. 
 
INTRODUCTION  
Most of clinicians face great challenge in restoring the root canal-treated teeth. 
This challenge is dependant mainly on the extent of the loss in the coronal tooth structure 
due to caries, defective restoration and root canal access preparations.	The restoration of 
endodontically treated teeth with a significant loss of coronal tooth structure may require 
the placement of a post to ensure an adequate retention of a core foundation.  1-4  
Prefabricated posts with composite resin cores are commonly being used for their 
acceptable results at reduced costs and save time. Glass fiber-reinforced composite resin 
post systems have inherent advantages with respect to their biomechanical properties, 
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and their property of increasing light transmission through the root and the gingiva tissue 
overlying it. 5-7 In addition, they are easy to remove in the event of treatment failure,8 eliminate 
the potential risk of corrosion and allergic reactions associated with metal posts,9 and have a low 
modulus of elasticity that has been reported to reduce root fracture.10,11 Glass-fiber composite 
resin posts are formed of “glass fibers, inorganic filler, and resin matrix.” Resin cement is 
usually used to lute these posts in order to increase their retentive strength and improve the 
functional performance of the tooth being restored.12 Failure of fiber posts is mainly related to 
debonding that usually occurs along the post/dentin adhesive interface. Many factors may 
influence the retention of resin cement-luted posts; 13, 14 the irrigant used in the root canal 
preparation,15 thick smear layer and the configuration factor defined as  the ratio of bonded to 
unbonded surfaces in post preparations.16 Treatment of the smear layer before post cementation 
may be important for achieving high retentive strength levels. The primary objective of applying 
these agents is to merge the smear layer into the hybrid layer17 and facilitate the penetration of 
adhesives into the dentinal tubules to form an inter-diffusion zone between the adhesive material 
and etched dentin.18- 20 
                   The use of 35% phosphoric acid in conditioning root dentin prior to luting with an auto-
adhesive was reported to be ineffective or even harmful. 21, 22 The use of less acidic agents  like 
EDTA or lactic acid was considered. 23- 27 These acidic treatments enhance the chemical bonding 
between the luting cement and the substrate by partial elimination of the smear layer, leaving the 
dentin mineral phase.26, 28Recently,	QMiX	was	introduced	for	root	canal	irrigation29.	Its	manufacturer	
recommends	that	it	should	be	used	at	the	end	of	instrumentation	after	NaOCl	irrigation.	QMiX	contains	
EDTA,	CHX,	and	a	detergent	and	comes	as	a	ready-to-use	clear	solution.		
																							The	use	of	self-adhesive	resin	cements	was	recommended	for	fiber-reinforced	composite	
resin	posts	cementation,		as	its	application	is	simple	and	saves	chair-time.29	however,	the	need	to	
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enhance	cement/dentin	interaction	and	bond	strength	accordingly,	the	smear	layer	should	be	
eliminated	using	an	acidic	conditioning	material.30,	31	Clinical	studies	reported	that	for	restorations	
placed	with	adhesively	luted	fiber	posts,	failure	most	commonly	occurred	due	to	debonding	of	the	post	
.32,	33	As	the	most	common	reason	for	fiber-reinforced	post	failure	is	the	dislodgement	of	the	post	out	of	
the	root	canal	that	might	occur	after	years	as	a	result	of	dynamic	mechanical	loading.34				It	is	generally	
agreed	that	post	retention	is	the	major	factor	in	survival	of	restorations		so	many	studies	have	focused	
on	post	retention	improvement,	including		use	of	different	endodontic	irrigants,	35-37	pretreatment	of	
the	posts38,39	post	configuration,	40	and	dentin40-43	or	use	of	various	luting	cements.	44,	45	However,	the	
study	of	the	effect	of	remaining	coronal	stracture,		the	ideal	surface	conditioning	of	the	root	dentin	and	
the	resin	cement	needed	to	improve	the	retentive	bond	strength		have	not	been	verified	yet.	Therefore,	
this	study	aimed	to	to	test	the	null	hypothesis	that	both	of	remaining	coronal	tooth	structure		and		
dentin	pretreatment	have	no	influence	on	the	retention	of	fiber-reinforced	composite	resin	posts		with	
composite	resin		cores	that	are	luted	with	different	types	of	luting	resin	cements.	
 
MATERIALS AND METHODS 
Root canal obturation 
Eighty extracted human maxillary anterior teeth were obtained for this study 
from periodontitis patients with grade III mobility after informed consent. Approval to 
use human teeth was obtained from the Research Ethics Committee at the Faculty of 
Dentistry, Mansoura University, Egypt. Power analysis was performed before 
conducting this study ‘a priori’ using SAS/STAT software to determine the number of 
specimens required in each test group in order to determine if statistical differences 
existed among groups. Teeth selected for this study were caries-free, fracture-free as 
assessed visually, have straight root, with one round root canal and fully developed 
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apices. The teeth were then cleaned and debrided of calculus deposits and soft tissues then 
stored in 0.1% thymol solution at 4°C to be used in 3 months following extraction at the 
maximum.  
 
The teeth were randomly assigned to 3 groups (n=40) based on the amount of remaining 
coronal stracture to , Group 1;  Anatomical crowns were transversely sectioned at the level of  
cemento-enamel junction (CEJ) using a diamond rotary cutting instrument (837KR.012; Gebr 
Brasseler GmbH, Lemgo, Germany) under water spray. The section surface was flattened to be 
perpendicular to the longitudinal axis of the tooth using SiC sand paper (600-grit). Group 2; 
Anatomical crowns were transversely sectioned at 1 mm coronal to the cement enamel junction 
(CEJ)  as described before. Group 3;  Anatomical crowns were transversely sectioned at 2  mm 
coronal to the cemento-enamel junction (CEJ) as described before. 
 	Afterward,a barbed broach was used to remove the pulpal tissue. Canal patency was 
examined by passing 10 K-file (Dentsply Maillfer CH. 1338 Ballalgues-Switzerland) through 
the tooth apical foramen. Canal working length was fixed to be 1.0 mm shorter from the apical 
foramen. A step-back technique was employed in this study during root canal preparation. The 
same operator performed all root canal preparations using a final file size number 55 (Dentsply-
Maillefer). In the process of canal shaping, a 5.25% sodium hypochlorite irrigant was used after 
each file and up to the final size used, followed by rinsed with distilled water then the canals 
were dried using paper points (Dentsply-Maillefer, Ballaigues, Switzerland). Canals were then 
obturated employing the lateral condensation technique with gutta-percha cones (Dentsply-
Maillefer) and sealer (AH-Plus; Dentsply DeTrey GmbH, Konstanz, Germany). Following 
obturation, the cervical root canal openings were closed with a temporaty restorative material 
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(Cavit-G; 3M ESPE AG, Seefeld, Germany), and the teeth were stored at 37°C for 7 
days in 100% humid conditions.  
Posts space preparation 
All the teeth in group 2 and 3 received 1.2 mm butt shoulder preparation with 
rounded inner angles. The preparations had a convergence of 6 degrees. The finish line 
of each preparation was at the CEJ. Post space was prepared to the depth of 10 mm from 
the CEJ, and an apical seal of 4 mm of gutta-percha was left untouched. A warm plugger 
(Sybron Dental Specialties, Romulus, Mi) was used to remove gutta-percha up to the 
decided depth. To enlarge the root canals a low-speed drill, provided the same 
manufacturer of the post system, was used. A final flush of sterile water to clean the 
canal space then paper points (Dentsply-Maillefer) were used to dry the canal.  
Root canal dentin conditioning  
The prepared root canals were divided into 4 groups (n=20 each) according to 
dentin conditioning protocol: 1) Group C; root canals received no pretreatment and was 
considered as a control. 2) Group P; 37% phosphoric acid gel (Total Etch, Ivoclar 
Vivadent) was used to etch the root canals for 15 seconds using a syringe and applicator 
tip followed by an irrigation step with distilled water to remove the etchant excess then 
canals were dried with paper points. 3) Group E; root canals were rinsed with 17% 
EDTA (Ethylenediaminetetraacetic acid, Pulpdent, Watertown, Ma) for 60 seconds, 
rinsed with water and dried using paper points. 4)	Group CH, root canals were rinsed 
with 2% CHX (Gluco-CheX 2,0%,	PPH Cerkamed, UL, Sandomierska, BB, Poland); 
root canals were rinsed with 5)	Group Q; root canals were rinsed with  QMix (Dentsply 
Tulsa Dental, Tulsa, OK, USA)for 60 seconds, irrigated with water and dried using paper 
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points. Each group was further divided into 2 subgroups (n=10 each) according to the luting 
agent used: 1) Subgroup A: posts were luted with Rely X Unicem self-adhesive resin cement. 2) 
Subgroup B: posts were luted with Panavia F2 self-etch resin cement.  
Posts  and cores preparation  
Fiber-reinforced Postec	Plus posts ((Ivoclar	Vivadent,	Schaan,	Liechtenstein)	of 1.4 mm 
diameter were selected. Each post was mounted on a custom made revolving wheel where each 
of the post four sides surface was abraded with 50 mm airborne alumina particles (Heraeus 
Kulzer) at 2.5 bar pressure (36.3 psi) for 5 seconds. Each resin cement type was mixed and 
applied following the manufacturers’ instructions, (Table. I). Posts were inserted in a custom 
made holder mounted on a surveyor; the apical 2 thirds of posts were coated with the decided 
resin cement and seated into the post space so that the long axis of the post space was parallel to 
the long axis of the post. A custom made loading apparatus was used apply a load of 20 N for 10 
minutes. Excess cement was removed using a sponge pellet then, the resin was light cured 
through the post for 40 seconds using a conventional light curing unit (600 mW/cm2 output; 
Hilux Ultra Plus, Benlioglu Dental Inc., Ankara, Turkey).  After setting, excess cement was 
removed with a probe and dentin was etched with 37% phosphoric acid and bonded with Prime 
& Bond 2.1 (Dentsply Ind. Com, Petropolis, RJ, Brazil) according to the manufacturer’s 
instructions. Cores were fabricated in a standard manner using core-forming matrixes, which 
were fabricated using a heat/vacuum tray-forming machine (Ultra-form, Ultradent). The 
composite (Filtek Z250; 3M ESPE, St. Paul, MN, USA)  was placed using the incremental 
technique.	Each increment was light polymerized for 40 seconds (600 mW/cm2 output; Hilux 
Ultra Plus, Benlioglu Dental Inc., Ankara, Turkey). 
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Samples were kept in water at 37°C for 30 days and then thermal cycled for 6000 
cycles (5°C/55°C) for 30 seconds dwell time and 6 seconds transition time.  
Retentive force test 
A standard testing machine (Lloyd Instrument, LTD, West Fareham, England) 
was used to provide a tensile load directed parallel to the long axis of the post at a 
crosshead speed of 2 mm/min to test the retentive force. The core part was grasped with 
a custom made device. The force (N) required to dislodge each post from its space was 
recorded. Two-way ANOVA and Tukey’s HSD tests were used to analyse the data in 
this study.  
 
RESULTS  
Mean values ± standard deviation of retentive strength (N) obtained for fiber-
reinforced posts bonded to different treated root canal dentin substrate and 2 luting resin 
cement types are presented in (Table II). The highest retentive strength (N) value 
recorded with the self-adhesive resin cement was recorded in group Q(QMix-treated, N) 
while the lowest values were obtained from group C (no treatment control group, N). 
With the self-etch resin cement, group QMix treated group  showed  the highest (N) and 
the control group had the lowest retentive strength value (N). This data shows that there 
was a significant influence of root canal surface conditioning on the retention of the 
fiber-reinforced composite resin posts as compared to control group, (Table III). The 
difference in the retentive strength values among all root canal surface treatment groups 
(including control) was significant (P ≤.05) except between group CH and E . In 
addition, the use of 2-step self-etch resin cement, as a luting agent, increased 
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significantly (P ≤.05) the retentive strength values of fiber-reinforced composite resin posts in 
all groups, except control, when compared to 1-step self-adhesive resin cement (Table II). 
 
DISCUSSION 
The results of this in vitro study support the rejection of the null hypothesis: that dentin 
pretreatment has no influence on the retention of fiber-reinforced posts with composite core 
luted to different length of remaining coronal stracture  with different types of luting resin 
cements. The results of this study showed significant influence of  remaining cronal stracure , 
root canal dentin surface treatment and the type of luting resin cement, on the retention of the 
fiber-reinforced composite resin posts with composite resin cores. In addition  to  the 
“traditional”  smear  layer produced by manually or  rotary  instrumentation of  the  root canal 
walls, subsequent  preparation  of  the  post  space  results in an additional and even thicker 
smear layer composed of debris and gutta-percha/ sealer remnants. These gutta-percha remnants 
are plasticized by the frictional heat of the drill and may decrease the penetration and chemical 
interaction between agents used to bond/lute fiber-reinforced composite resin posts. 
Accordingly, the adhesion of fiber-reinforced posts will be significantly affected. Thus, 
achieving clean root canal dentin surfaces after mechanical post space preparation seems to be a 
crucial step for optimal post retention, particularly when resin cement is used.46 The presence of 
smear layer can cause the resin cement to adhere to relatively weak smear layers instead of the 
underlying sound dentin, and may result in decreased post retention. Moreover, “failure of 
adhesion between radicular dentin and resin cements might induce root fracture”, where a failed 
post might act as a “wedge” in the post space. A  fundamental  pre-requisite  for  adhesion  to  
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intra-radicular dentin  is  represented  by  the  capability  of the clinician to obtain a 
perfectly clean post space.41  
In a clinical situation, the failure of a post-and-core restoration is a complex 
result of cyclic loading, materials fatigue, and microleakage.	So the restoration can be 
expected to fail with less loading than was applied in this study. 
To enhance the fracture strength of a root canal treated tooth and the retention of 
the composite resin core to post and root canal dentin, prefabricated fiber-reinforced 
composite resin posts are luted to dentin using resin cements.19-22 The resin/dentin 
adhesion interface is considered a weak point in when used with fiber-reinforced 
composite resin post.42 When resin cements is used with radicular posts, a maximum 
bond strength is required between the resin from one side and dentin and post material 
from the second side.35.37 Some studies  suggested  a  pre-treatment  with  a chelating  
materials and sodium hypochlorite before post cementation in order to efficiently remove 
areas that are not necessary for bonding and fiber posts resin cementation, thus 
enhancing the retention  to  resin  cement.46-48 In this study, the highest bond strength 
values for vertical dislodgment of the fiber-reinforced composite resin posts were 
recorded for those luted with 2-step self-etch resin cement and 20% lactic acid-treated 
dentin compared to those cemented with 1-step self-adhesive cement in the same 
treatment group and the difference was significant (P ≤.05). The use of 1-step self-
adhesive cement does not completely remove the smear layer from dentin, but rather 
saturate the smear plug and fix it at the entrance of the dentinal tubules. In contrast, the 
use of 2-step resin cement that modifies the smear layer and allow for the formation of a 
relatively thicker hybrid layer with deeper resin tags, resulting in stronger bonds.  
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EDTA and CHX solutions could eliminate the thick smear layer present in the canal 
walls surface and the smear plugs inside dentinal tubules that is formed during post space 
preparation. This role allows the bonding resins to infiltrate into the dentinal tubules and the 
intertubular dentin, thus, efficiently seal the tubules and contribute to the bond strength of root 
canal posts through an efficient micromechanical retention.36 However, Burns et al, (1993) 
reported that EDTA did not increase the retentive strength of the root canal posts. 37  
The lowest bond strength we recorded was of the control subgroups followed by the 37% 
phosphoric acid-treated subgroups. It has been reported that the use of phosphoric acid after post 
space preparation did not remove the natural irregularities in different root canal dentin 
locations. The presence of these  irregularities which cannot be removed by etching may 
compromise diffusion of adhesive system monomers and affect bond strength. Also pretreatment 
with phosphoric acid could induce deep demineralization of dentin and prevent proper resin 
infiltration, producing a defective zone at the base of the hybrid layer, hence compromising the 
bond. This  finding  is  contradicted by a results   of  Zhanj L et al , they found that both	35%	
phosphoric	acid	etching	and	ultrasonic	agitation	in	combination	with	EDTA/NaOCl	irrigation	improved	
the	apical	push-out	strength	of	the	fiber	post,	regardless	of	the	type	of	self-etching	system	used	and	
could	be	related	to	different	root	canal	treatment	protocol	used	in	this	study	.49 wThe results of this 
study revealed significant variation between the interaction of 2 cementation materials with root 
canal dentin pretreatments, which highlight the crucial role of the luting cement material and 
dentin conditioning in the success of root canal treated teeth restorations. Thus, it seems that 
post retention is dependent in combined aspects on; “the micromechanical interlocking, sliding 
friction, and chemical bonding”. 49This study presents some limitation regarding the use of 1 
type of fiber reinforced composite resin post with only 1 surface treatment. Further study on the 
retention of different types of fiber reinforced posts could be conducted. 
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CONCLUSION 
With the limitation of this study the following could be concluded;1) Luting 
fiber-reinforced composite resin posts with Rely X unicem  or Panavia F2 resin cement 
after root canal dentin conditioning with either QMix or 17% EDTA produced 
significantly higher retention values compared to dentin conditioning with 37% 
phosphoric acid. 2) The use of self-etch resin cement to bond fiber-reinforced composite 
resin posts produced high retentive strength than bonding with self-adhesive resin 
cement.  
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Retentive strength of fiber-reinforced composite posts with composite resin cores: Effect of 
remaining coronal structure and root canal dentin conditioning protocols. 
 
ABSTRACT 
Statement of problem.	The prognosis of a fixed dental prosthesis cemented to endodontically 
treated teeth is determined by the presence of a ferrule on the tooth, and adhesion of the post in 
the root canal where the amount of coronal structure and conditioning methods for the canal 
could be decisive. 
Purpose. The purpose of this in vitro study was to test the effect of remaining coronal structure 
on the retention of airborne-particle abraded fiber-reinforced composite resin posts built up with 
composite resin cores after the treatment of root canal dentin with different conditioning 
protocols. 
JPD-15-97 21 
Material and methods. One hundred and fifty extracted human teeth with single root canal 
space were endodontically treated and divided into 3 groups as follows: Group	CEJ: The teeth 
were sectioned at the level of cementoenamel junction (CEJ), Group CEJ1: The teeth were 
sectioned 1 mm above the CEJ, and Group CEJ2: The teeth were sectioned 2 mm above the CEJ. 
Each group was further divided into 5 subgroups (n=10 per group) according to the root canal 
treatments as follows: Group C: No conditioning (Control); Group PH: Conditioning with 
37% phosphoric acid gel for 15 seconds; Group E: Conditioning with 17% 
ethylenediaminetetraacetic acid (EDTA) for 60 seconds; Group CHX: Conditioning with 2% 
chlorhexidine (CHX) for 60 seconds; Group Q: Conditioning with combination of 2% CHX with 
17% EDTA and a surfactant solution for 60 seconds. Glass fiber-reinforced composite resin 
posts were airborne-particle abraded and luted to the root canal dentin with a self-adhesive resin 
cement (RelyX Unicem). The retentive force was tested by applying a tensile load parallel to the 
long axis of these posts at a crosshead speed of 2 mm/min. Two-way analysis of variance 
(ANOVA) and the Tukey HSD post hoc test were used to analyze the data. 
Results. The highest retention (N) was obtained with the CHX-EDTA conditioned group (374.7 
±29.8) followed by 17% EDTA (367.9 ±33.3) conditioning when 2 mm remaining coronal 
structure was available. Conditioning with the CHX-EDTA showed comparable retention values 
to 17% EDTA conditioned groups that differed significantly compared to 37% PH and 2% CHX 
conditioning (P<.05)  
Conclusions. Conditioning root canal either with CHX-EDTA or 17% EDTA delivered superior 
retention values for fiber-reinforced composite resin posts with composite resin cores that were 
luted with self-adhesive resin cement to endodontically treated teeth with 2 mm remaining 
coronal structure. 
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Clinical implications. Conditioning root canal dentin with either CHX-EDTA combination or 
17% EDTA before cementation with self-adhesive resin cement may enhance the retention of 
fiber-reinforced composite resin posts to the root canal. Endodontically treated teeth with more 
than 1 mm remaining coronal structure produced high retentive values compared to tooth with no 
remaining coronal structure. 
 
INTRODUCTION 
 Restoring the endodontically treated tooth can be a challenge for most clinicians, 
particularly when there is loss of coronal tooth structure. The restoration of endodontically 
treated teeth with a significant loss of coronal tooth structure may require the placement of a post 
to ensure an adequate retention of a core foundation.1-4 Among different post materials, glass 
fiber-reinforced composite resin post systems have inherent advantages with respect to their 
biomechanical properties and their property of increasing light transmission through the root and 
the gingival tissues.5-7 Furthermore, they are easy to remove in the event of treatment failure,8 
eliminate the potential risk of corrosion and allergic reactions associated with metal posts,9 and 
have a low modulus of elasticity that has been reported to reduce root fracture.10,11 Glass-fiber 
composite resin posts are formed of glass fibers, inorganic filler, and resin matrix. Resin cement 
is usually used to lute these posts in order to increase their retention in the root canal and 
improve the functional performance of the tooth being restored.12 Failure of fiber posts is mainly 
related to debonding that usually occurs along the post/dentin adhesive interface. Many factors 
may influence the retention of resin cement luted posts,13,14 such as the irrigant used in the root 
canal preparation,15 thick smear layer, and configuration factor defined as the ratio of bonded to 
unbonded surfaces in post preparations.16 Treatment of the smear layer before post cementation 
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may be important in achieving high retentive strength levels. The primary objective of applying 
these agents is to merge the smear layer into the hybrid layer17 and facilitate the penetration of 
adhesives into the dentinal tubules to form an interdiffusion zone between the adhesive material 
and etched dentin.18-20 
 The use of 35% phosphoric acid in conditioning root dentin before luting with chemically 
polymerized adhesive cement was reported to be ineffective or even harmful.21,22 The use of 
fewer acidic agents such as ethylenediaminetetraacetic acid (EDTA) or lactic acid was also 
considered for conditioning root dentin.23- 27 These acidic challenges enhance the chemical 
adhesion between the luting cement and the substrate by partial elimination of the smear layer, 
leaving the dentinal mineral phase.26,28 Recently, a combination of 2% chlorhexidine (CHX) and 
17% EDTA with surfactants (QMix; Dentsply Tulsa Dental) was introduced for root canal 
irrigation.29 Its manufacturer recommends that it should be used at the end of instrumentation 
after NaOCl irrigation. The use of resin cements based on acidic monomers was recommended 
for fiber-reinforced composite resin posts cementation, as its application is simple and saves 
chairside-time.29 However, because of the need to enhance cement/dentin interaction and 
eventually the adhesion of resin cements, the smear layer should be eliminated by using an acidic 
conditioning material.30,31 Clinical studies reported debonding of the posts as the most common 
failure type for restorations placed with adhesively luted fiber posts.32,33 As the most common 
reason for fiber-reinforced post failure is the dislodgement of the post from the root canal, which 
might occur after years as a result of dynamic mechanical loading,34 post retention is generally 
agreed to be the major factor in the survival of restorations.32 
 Consequently, many studies have focused on the improvement of post retention, 
including the use of different irrigants in the root canal, pretreatment of the posts and dentin, post 
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configuration, or the use of various luting cements.35-49 However, the study of the effect of 
remaining coronal structure, the ideal surface conditioning of the root dentin, and the resin 
cement needed to improve the retention of posts in one experimental design have not yet been 
verified. This study aimed to test the null hypothesis that both of the amount of remaining 
coronal tooth structure and dentin conditioning would not affect the retention of fiber-reinforced 
composite resin posts with composite resin cores luted with different types of luting resin 
cements. 
 
MATERIAL AND METHODS  
 One hundred and fifty extracted human maxillary anterior teeth were obtained for this 
study after informed consent from patients with periodontitis and having teeth with grade III 
mobility. Approval to use human teeth was obtained from the Research Ethics Committee at the 
Faculty of Dentistry, Mansoura University, Egypt. Power analysis was performed before 
conducting this study (SAS/STAT 12.1 software; SAS Institute Inc) to determine the number of 
specimens required in each experimental group in order to determine statistical differences. 
Teeth selected for this study were free of caries and cracks and had straight roots, with 1 round 
root canal and fully developed apices. The teeth were cleaned of calculus deposits and soft 
tissues. After extraction, they were then stored in a 0.1% thymol solution at 4°C to be used for a 
maximum of 3 months. 
 The teeth were assigned to 3 groups (n=50 per group) (Fig. 1) based on the amount of 
remaining coronal structure: Group CEJ: Anatomical crowns were transversely sectioned at the 
level of the cementoenamel junction (CEJ) with a diamond rotary cutting instrument 
(837KR.012; Gebr Brasseler GmbH) under water spray. The sectioned surface was flattened to 
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be perpendicular to the longitudinal axis of the tooth with silicon carbide paper (600-grit). Group 
CEJ1: Anatomical crowns were transversely sectioned 1 mm coronal to the CEJ as described in 
Group CEJ. Group CEJ2: Anatomical crowns were transversely sectioned 2 mm coronal to the 
CEJ, as described earlier. 
 After the removal of the pulpal tissue, the root canal form was examined by using an 
endodontic file (10 K-file; Dentsply Maillefer) through the tooth apical foramen. Canal working 
length was fixed to be 1 mm shorter from the apical foramen. A step-back technique was used in 
this study during root canal preparation. The same operator (SS) performed all root canal 
preparations with a final file size number 55 (Dentsply Maillefer). In the process of root canal 
shaping, 5.25% sodium hypochlorite irrigant was used after each file and up to the final size 
used, followed by rinsing with distilled water. The canals were then dried with paper points 
(Dentsply Maillefer). The canals were then obturated by using the lateral condensation technique 
with gutta percha cones (Dentsply Maillefer) and sealer (AH-Plus; Dentsply DeTrey GmbH). 
After obturation, the cervical root canal openings were closed with a temporary restorative 
material (Cavit-G; 3M ESPE), and the teeth were stored at 37°C for 7 days at 100% humidity. 
 The teeth in Groups CEJ1 and CEJ2 received a 1.2 mm butt shoulder preparation with 
rounded inner angles by using a surveyor. The preparations had a convergence of 6 degrees. The 
finish line of each preparation was at the CEJ. The post space was prepared to the depth of 10 
mm from the CEJ, and an apical seal of 4 mm of gutta-percha was left untouched. A warm 
plugger (Sybron Dental Specialties) was used to remove gutta percha up to the specified depth. 
In order to enlarge the root canals, a low-speed drill provided by the same manufacturer of the 
post system was used. The canal space was cleaned with a final flush of sterile water and dried 
with paper points (Dentsply Maillefer). 
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 The teeth with prepared root canals were divided into 4 groups (n=20 per group) 
according to dentin conditioning protocol: Group C: Root canals receiving no conditioning were 
considered as a control; Group PH: 37% phosphoric acid gel (Total Etch; Ivoclar Vivadent) was 
used to etch the root canals for 15 seconds using a syringe and applicator tip followed by an 
irrigation step with distilled water to remove the etchant excess. Then, the canals were dried with 
paper points; Group E: Root canals were conditioned with 17% EDTA 
(Ethylenediaminetetraacetic acid; Pulpdent) for 60 seconds, rinsed with water and dried with 
paper points; Group CHX: Root canals were rinsed with 2% CHX (Chlorhexidine, Gluco-CheX 
2%; PPH Cerkamed); Group Q: Root canals were rinsed with combination of 2% CHX with 17% 
EDTA and a surfactant solution (QMix; Dentsply Tulsa Dental) for 60 seconds, irrigated with 
water, and dried with paper points. 
 Fiber-reinforced composite root posts (Postec Plus; Ivoclar Vivadent) of 1.4-mm 
diameter were selected. Each post was mounted on a custom-made revolving wheel, where each 
of the posts was airborne-particle abraded with 50-µm alumina particles (Heraeus Kulzer) from 4 
sides at 250 kPa pressure for 5 seconds. Self-adhesive resin cement (RelyX Unicem; 3M ESPE) 
was mixed and applied, following the manufacturer`s instructions (Table 1). The posts were 
inserted in a custom-made holder mounted on a surveyor; the apical two thirds of posts were 
coated with the chosen resin cement and seated into the post space so that the long axis of the 
post space was parallel to the long axis of the post. A custom-made loading apparatus was used 
to apply a load of 20 N for 10 minutes. Excess cement was removed with a sponge pellet. Then, 
the resin was photopolymerized through the post for 40 seconds with a halogen photo-
polymerization unit (Output: 600 mW/cm2; Hilux Ultra Plus; Benlioglu Dental Inc). After 
setting, excess cement was removed with a probe, dentin was etched with 37% phosphoric acid, 
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and an adhesive resin (Prime & Bond 2.1; Dentsply Intl) was applied according to the 
manufacturer`s instructions. Cores were fabricated in a standard manner using core-forming 
matrices fabricated with a heat/vacuum tray-forming machine (Ultra-form; Ultradent Products 
Inc). The composite resin (Filtek Z250; 3M ESPE) was placed incrementally. Each increment 
was photopolymerized for 40 seconds (Output: 600 mW/cm2; Hilux Ultra Plus). The specimens 
were kept in water at 37°C for 30 days and then thermocycled for 6000 cycles (5°C/55°C; 30 
seconds dwell time, 6 seconds transition time)  
 A standard testing machine (Universal Testing Machine; Lloyd Instruments Ltd) was 
used to apply a tensile load directed parallel to the long axis of the post at a crosshead speed of 2 
mm/min to test the retentive force of the posts, where the core part was grasped with a custom 
made device (Fig. 2). 
 Data were evaluated for homogeneity with the Kolmogorov-Smirnov and Levene 
normality tests (SPSS v11.0 software for Windows; SPSS Inc). Retentive force data (N) were 
submitted to 2-way analysis of variance (ANOVA). Multiple comparisons were made with the 
Tukey HSD post hoc test (α=.05).  
 
RESULTS 
 The mean values and standard deviations of retentive forces (N) obtained for the fiber-
reinforced posts bonded to differently conditioned root canal dentin substrates and the 3 
remaining coronal structures are presented in Table 1 and Figure 3. The highest mean retentive 
strength (N) value was recorded with the remaining coronal structure of 2 mm in Group Q (374.7 
±29.8 N), while the lowest mean value was obtained from Group C (205 ±11.7 N). Root canal 
surface conditioning significantly affected the retention of the fiber-reinforced composite resin 
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posts compared with the control group. The difference in the retention values among all root 
canal surface conditioned groups, including the control, was significant (P <.05), except between 
Groups Q and E (P >.05). In addition, the remaining coronal structure significantly affected the 
retentive strength values of fiber-reinforced composite resin posts in all groups (P <.05). 
 
DISCUSSION 
 The results of this in vitro study support the rejection of the null hypothesis that root 
canal dentin conditioning would not affect the retention of fiber-reinforced posts with composite 
resin cores luted to different amounts of remaining coronal structure with self-etch adhesive 
luting resin cement. The results of this study showed significant influence of the amount of 
remaining coronal structure and root canal dentin surface conditioning on the retention of the 
fiber-reinforced composite resin posts with composite resin cores. 
 In addition to the traditional smear layer produced by manually or rotary instrumentation 
of the root canal walls, subsequent preparation of the post space results in an additional and even 
thicker smear layer composed of debris and gutta-percha/sealer remnants.41 These gutta percha 
remnants are plasticized by the frictional heat of the drill and may decrease the penetration and 
chemical interaction between resin based materials used to bond/lute fiber-reinforced composite 
resin posts. Accordingly, the adhesion of fiber-reinforced posts will be significantly affected. 
Thus, achieving clean root canal dentin surfaces after mechanical post space preparation is a 
crucial step for optimal post retention, particularly when resin cement is used.46 The presence of  
a smear layer can cause the resin cement to adhere to relatively weak smear layers instead of the 
underlying sound dentin and may result in decreased post retention. Moreover, the failure of 
adhesion between radicular dentin and resin cements might induce root fracture, where a failed 
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post might act as a wedge in the post space. A fundamental prerequisite for adhesion to 
intraradicular dentin is represented by the ability of the clinician to obtain a seamlessly clean 
post space.44 
 In clinical situations, the failure of a post-and-core restoration is a complex result of 
cyclic loading, materials fatigue, and microleakage. Thus, the restoration can be expected to fail 
with less loading than was applied in this study. In order to enhance the fracture strength of a 
root-canal-treated tooth and the retention of the composite resin core to post and root canal 
dentin, prefabricated fiber-reinforced composite resin posts should be luted to dentin with resin 
cements.18-22 The resin/dentin adhesion interface is considered a weak link when fiber-reinforced 
composite resin posts are used.42 When resin cements are used with radicular posts, maximum 
bond strength is required between the resin, the dentin, and the post material.36,38 Some studies 
suggested conditioning root dentin with chelating agents and sodium hypochlorite before post 
cementation in order to enhance the adhesion of the resin cement.45,46,49 In this study, 
significantly higher retentive strength values were obtained for the vertical dislodgment of the 
fiber-reinforced composite resin posts cemented to 1 mm remaining coronal structure compared 
with those luted to 2 mm remaining coronal structure when the root canal dentin was conditioned 
with a combination of 2% CHX with 17% EDTA and a surfactant solution. Previous studies 
suggest that natural tooth structure provides more bond strength for resisting shear-off forces 
than core or post materials.5,7 The presence of adequate tooth structure with a ferrule at the 
crown-root interface is critical for the long-term success of the crowned endodontically treated 
tooth. To improve the integrity of the endodontically treated tooth, a minimum sound dentin 
height of 1.5 to 2 mm is required between the core and crown margins to provide support for the 
crown.40 
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EDTA and CHX solutions could eliminate the thick smear layer present in the canal wall 
surface and the smear plugs inside the dentinal tubules formed during post space preparation. 
This allows the bonding resins to infiltrate into the dentinal tubules and the intertubular dentin, 
thus, efficiently sealing the tubules and contributing to the bond strength of root canal posts 
through efficient micromechanical retention.37,46,49 However, Burns et al36 reported that 
EDTA did not increase the retentive strength of the root canal posts. 
 The lowest retentive strength was recorded for the control subgroups, followed by the 
37% phosphoric acid-conditioned subgroups. The use of phosphoric acid after post space 
preparation did not remove the natural irregularities in different root canal dentin locations.22 The 
presence of irregularities that cannot be removed by etching may compromise the diffusion of 
adhesive system monomers and affect the bond strength of the resin cement. Also, pretreatment 
with phosphoric acid could induce deep demineralization of dentin and prevent proper resin 
infiltration, producing a defective zone at the base of the hybrid layer that compromises the 
bond. This finding is contradicted by the study of Zhang et al,43 who reported that both 35% 
phosphoric acid etching and ultrasonic agitation in combination with EDTA/NaOCl irrigation 
improved the apical push-out strength of the fiber posts, regardless of the type of self-etching 
system used. The difference in these results compared with those in this study could be in part 
attributed to the different root canal treatment protocols used in this study. 
The results of this study revealed significant variation between the interactions of 
remaining coronal structures with root canal dentin conditioning, highlighting the crucial role of 
coronal structure preservation during endodontic treatment and dentin conditioning in the 
success of restorations luted to root canal treated teeth. When excellent adhesion is achieved 
between restorations and the tooth structure, a minimal intervention policy for restoring teeth can 
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eventually preserve remaining tooth structure, especially when restoring endodontically treated 
teeth. Thus, post retention seems to be dependent on the combined aspects of micromechanical 
interlocking, sliding friction, and chemical bonding.37  
 This study presents some limitations regarding the use of one type of fiber-reinforced 
composite resin post with one luting cement. Further studies on the retention of different types of 
fiber-reinforced posts in combination with other self-adhesive cements should verify the results 
of this study.  
 
CONCLUSIONS 
From this in vitro study, the following could be concluded: 
1. Luting fiber-reinforced composite resin posts with self-adhesive resin cement after root canal 
dentin conditioning with either a combination of 2% CHX with 17% EDTA and a surfactant 
solution or 17% EDTA produced significantly higher retention values compared with those with 
dentin conditioning with 37% phosphoric acid.  
2. The preservation of the remaining coronal structure of endodontically treated teeth increased 
the retentive strength of airborne-particle abraded fiber-reinforced composite resin posts. 
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Table 1. Mean and standard deviations of retentive strength values (N) of fiber-reinforced 
composite posts of all groups. Uppercase similar letters show significant differences 
(P<.05) and lowercase letters show no significant differences in row (P>.05) . 				
Root dentin 
conditioning protocols 
Remaining coronal structure 
		
0 mm 1 mm 2 mm 	
Control (No treatment) 195.9 ±17.8a 204.2 ±15.2 a 205 ±11.7 a 	
37% phosphoric acid (pH=1.5) 243.3 ±22.9 b 300.1 ±28.1 B 334.3 ±17.1 C 
	
2% Chlorohexidine (pH=7) 295.9 ±27.5 c 334.2 ±40 d 344.7 ±35.5 E 
	
17% EDTA (pH=0.3) 310.3 ±32.9 e 342.8 ±38 f 367.9 ±33.3 g 
2% CHX + 17% EDTA (pH=7.5) 319.7 ±17.5 e 351.5 ±27.7 f 374.7 ±29.8 g 
JPD-15-97 38 		
JPD-15-97 3  			
Table 2. Summary of two-way ANOVA for representation of effect of interactions between root 
canal dentin surface conditioning method and remaining coronal structure variables on retentive 
strength of fiber-reinforced composite resin posts. 
	
Source 	
Corrected 
Type III Sum of 
Squares 
517589.753a 
df 	
14 
Mean Square 	
36970.697 
F 	
48.035 
P 	
.001 
Model 
Intercept 
	
13650090.869 
	
1 
	
13650090.869 
	
17735.047 
	
.001 
	
Conditioning 
	
429654.510 
	
4 
	
107413.627 
	
139.558 
	
.001 
	
Coronal 
Structure 
	
70258.985 
	
2 
	
35129.492 
	
45.642 
	
.002 
	
Conditioning 
* 
Coronal 
Structure 
	
17676.259 
	
8 
	
2209.532 
	
2.871 
	
.006 
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Fig. 1. Schematic diagram representing volume of remaining coronal structures. 
  
Fig. 2. Standard testing machine used to apply tensile load directed parallel to long axis of post at 
crosshead speed of 2 mm/min to test retentive force. Dislodged post after testing. 
 ab  
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Fig. 3. Retentive strength values of fiber-reinforced composite posts detached from as function 
of root canal dentin conditioning and volume of remaining coronal structure.  
  
  
 
 	
